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SUMMART 

The knock-limited performance of blends of 0, 50,' and 100 per- 
cent hy volume of 2,2,3-trimethylpentane In 28-R fuel was determined 
with a modified F-4 engine at three sets of conditions varying from 
severe to mild at each of three compression ratios (6.0, 8.0, and 
10 .0). A comparison of the knock-limited performance of 2,2,3- 
trimethylpentane with that of trlptane (2,2,3-trlmethylbutane) is 
included. 

Tho knock-limited performance of 2,2,3-trimethylpentane was 
usually more sensitive to either compression ratio or inlet-air 
temperature then 28-R fuel, but the ratio of the knock-limited 
indicated mean effective pressure of a given blend containing 
2,2,3-trimethylpentane and 28-R to the indicated mean effective 
pressure of 28-R alone was not greatly affected by compression 
ratio if the engine operating conditions were mild. Although 
2,2,3-trimethylpentane in general had a lower knock-limited 
performance than trlptane, the characteristics of the two fuels 
were somewhat similar. 


INTRODUCTION 

At the request of the Army Air Forces, Air Technical Service 
Command, a general program is being conducted at the NACA laboratory, 
Cleveland, Ohio, to investigate the knock-limited performance 
of a selected group of high-performance components of aviation 
fuels. In reference 1 the effects of compression ratio and inlet- 
air temperature on the knock-limited performance of trlptane 
(2,2,3-trlmethylbutane) were emphasized. The present paper describes 
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the relative effects of compression ratio and inlet-air temperature 
on the knock-limited performance characteristics of 2 , 2 , 3-trimethyl- 
pentane based an CFB engine tests conducted during October 1944. The 
relative merits of 2,2 , 3-tr imethylpentane and trlptane are discussed. 

A correlation' of the effects of compression ratio and lnlet-alr temper- 
ature an the knock-limited performance characteristics of 2,2,3-tri- 
methylpentane according to the method proposed in reference 2 is .also 
presented as a substantiating check of the proposed method. 


APPARATUS AND TEST P’lOCEDUEE 


A CEB engine poupled to a 100 -hoi eepover , direct -current, cradle- 
type dyn amome ter, the same as that in the first phase of this program 
(reference l) , was used to obtain the data presented herein. At each 
of three compression ratios, 6.0, 8.0, and 10.0, data -were obtained at 
three sets of operating conditions: 


Condition 

1 (severe) 

2 (medium) 

3 (mild) 


Inlet-air 

temperature 

(°p) 

225 

250 

150 


Coolant 

temperature 

(°F) 

375 

250 

250 


Spark advance 
(deg B.T.C.) 

45 

30 

30 


Except for compression ratio, engine conditions 1, 2, and 3 
correspond to the F-4, modified A, and modified B conditions, respec- 
tively, used in reference 3. Other engine conditions correspond to 
specification CBC-F-4-443. On each day, blends of 0, 50, and 100 per- 
cent by volume 2,2,3-trimethylpentane in 28-E fuel were tested at one 
of the three compression ratios and a single operating condition. 

Because of prelgnitlon difficulties associated with the prevail- 
ing high power levels, the data for the 100-percent blend at a com- 
pression ratio of 6.0 and at low lnlet-alr temperatures are incomplete 
in the rich-mixture region. 


RESULTS AND DISCUSSION 

Knock-limited performance data for the blends are shown in 
figures 1, 2, and 3 and are tabulated in table I for four fuel-air 
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ratios. These data indicate that the ratio of the knock-limited 
Indicated mean effective pressure of either 2,2,3- tr imethy lpentane 
or the 50-peroeht 'blends to the indicated mean effective pressure 
Of 28 -R fuel vas not greatly affected by compression ratio at mild 
engine operating conditions (condition 3). As the severity of 
engine conditions mas increased (conditions 2 and l) , the percentage 
increase in knock- limited power resulting from the substitution of 
2, 2, 5 -tr imethy lpentane for 28-R rapidly decreased. A 100-percent 
blend' of 2,2,3-trlmethylpentane. at condition 1 gave an ‘ improvement 
from 100 to 150 peroent (depending on fuel -air ratio) at a compres- 
sion ratio of 6.0, whereas ata compression ratio of 10.0 the 
greatest permissible gain was 24 peroent. 

Table II shows the effect of compression ratio upon the tem- 
perature sensitivity of 2,2 , 3-trimethylpentane and 28-R blends. 

As the compression ratio was increased, all the blends showed more 
and more ohange in knock-limited indicated mean effective pressure 
with an accompanying variation in inlet -air temperature of 100° 7. 

The percentage Improvement in power, when the compression ratio 
vas 6.0 and the inlet -air temperature was lowered from 250° to 
150° 7, for 2,2,3-trlmethylpentane was about the same as or a little 
lover than for 28-R fuel; at a ocmpresBlon ratio of 10.0, the 
percentage Improvement afforded by 2 , 2, 3- trimethyl pentane due to 
this lowering of inlet -air temperature vas nearly three times the 
improvement obtained with 28-R fuel. 

Figure 4 is a cross plot of compression ratio against knock- 
limited indicated mean effective pressure at mild, medium, and severe 
engine conditions for blends of 0, 50, and 100 percent 2,2,3-trl- 
methylpentane and 28-R fuel. These data Indicate that, if 

2.2.3- trlmethylpentane blends are used in a hlgh-ocmpresslon-ratlo 
engine, the other operating conditions must be mild if the benefits 
in increased knock-limited indicated mean effective pressure of 

2. 2. 3- trlmetby lpentane are . to be realised. . (Of. figs. 4(a) and 
4(c).) The study of trlptane (2,2,3-trlmethylbutane) blended with 
28-R (reference l) resulted in a similar conclusion. 

On the assumption that the compression-gas density and temper- 
ature can be used in place of the densities and temperatures which 
directly influence the knocking reaction, a correlation vas drawn 
in reference 2 of the effects of compression ratio and inlet-air 
temperature upon the knock-limited performance of a G7R engine. In 
order to obtain this correlation, the knock-limited compression-air 
density, when the piston is at top center, was plotted against the 
oompresslan-alr temperature as oaloulated by adiabatic formulas. 

In terms of cylinder displacement and compression ratio, the 
compression-air density yas calculated from the following e quat ion: 
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■ /i 

p-* 


A(r ■*' 1) ' 
• ' 


whbre . ‘ 

p oompresBion-air density, pounds per cubic Inch 
A Intake -air flow, pounds per minute 

n - Intake cycles per minute 
r engine compression' ratio 


v^ engine displacement, oublc Inches' 

• 1 1 ' 

Although, the effects of. engine operating -characteristics , 
such as fuel vaporization, heat transfer. to the- cylinder walls, 
fuel-air ratio, and preflame reactions,' were not taken Into acoount 
when the equation for calculating -compression temperature was 
.derived In- terrps of adiabatic compression, a satisfactory correla- 
tion ‘was obtained. The equation for determining the approximate 
temperature was defined In reference 2 as follows: 



T 



( 7 - 1 )' 


where - 

T compression-air' temperature, °R 
T Q intake-air temperature, °R 

y ratio of specific heats of charge at constant pressure and 
constant volume 


An application of this correlation Is shown In figure 5. A 
three-dimensional graph Illustrating the progressive change In the 
relation between knock-limited c empress ion-air density and temper- 
ature with fuel composition is shown in figure 6. The usually greater 
slope of the 2,2,3-trlmethylpentane ourve over the 28-R curve, espe- 
cially apparent at lean mixtures. Indicates the Increased sensitivity 
of 2,2,3-trlmethylpentane to either compression ratio or inlet-air 
temperature . 
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A general Indication of the relative merits of 2,2,3-tri- 
methylpentane and trlptane at two fuel-air ratios Is given as a 
function of compression ratio in- figure 7. (The trlptane data 
for this figure were taken from reference 1.) As Bhown in .ref- 
erence 4 and. by the results of research In other laboratories, 
2,2 , 3-triraethylpentane generally has a lover knock —limited per- 
formance than' trlptane, although the characteristics of the two 
■fuels are' somewhat similar. 


CONCLUDING REMARES 

Knock-limited tests at severe, medium, and mild operating 
conditions vlth a modified F-4 engine of 2,2,3-trlmethylpentane, ' 
trlptane (2,2,3-trlmethylbutane) , and 28-R fuel Indicate the 
following: 

1. The knock-limited performance of 2,2,3-trlmethylpentane 
was usually more sensitive to either compression ratio or inlet- 
air temperature than 28-R fuel but the ratio of the knock- limited 
indicated mean effective pressure of a given blend containing 
2,2,3-trlmethylpentane and 28-R to the Indicated mean effective 
pressure of 28-R alone was not greatly affected by compression 
ratio If the engine operating conditions were mild. 

2. Although 2,2,3-trlmethylpentane in general had a lower 
knock-limited performance than trlptane, the characteristics of 
the two fuels were somewhat similar. 

3. These tests provide further evidence that a satisfactory 
correlation of the effects of compression ratio and Inlet-air 
temperature upon the knook-llmited performance of fuels in a CFR 
engine can be obtained by plotting the knock-limited compression - 
air densities at the various conditions against the compression- 
air temperatures. 


Aircraft Engine Research Laboratory, 

Rational Advisory Committee for Aeronautics, 
Cleveland, Ohio, January 10, 1945. 


6 


SAGA MR No . E5AOO 


EEBEHENCES 

1. Alquist , Henry E . , and Tower, Leonard K.: The Effect of Com- 

pression Ratio on Knock Limits of High-Performance Fuels in 
a-CFR Engine. I - Blends of Trlptane and 28 -R Fuel.' NACA MR 
No. E4J10, 1944. 

2. Eward, John C . , and Branstetter, J. Robert: A Correlation of 

the Effects of Compression Ratio and Inlet -Air Temperature on 
the Knock Limits of Aviation Fuels In a CFR Engine - I . NACA 
ACR No. E5D20, 1945. 

3. Eward, John C . , Timing , Harry S . , and Genco, Russell S.: Knock- 

Limited Blending Characteristics of Blends of Trlptane and 26 -R 
Aviation Fuel. NACA Memo, rep., April 18, 1944. 

4. Jones, Anthony W. , and Bull, Arthur W.: Knock-Limited Perform- 

ance of Pure Hydrocarbons Blended with a Base Fuel In a Full- 
Scale Aircraft-Engine Cylinder. I - Eight Paraffins, Two 
Olefins. NACA ARR No. E4E25, 1944. 



I 


TABLE I - EFFECT OP COMPRESSION RATIO ON THE KNOCK-LIMITED PERFORMANCE OF 28-R FUEL WITH AND 

WITHOUT THE ADDITION OF 2,2, T-TR3>IETHYLPENT/iNE .'T THREE SETS OF ENGINE CONDITIONS 

'Condition 1: inlet-air temper .Yture, 225° F; coolant temperature, 375° Fj 
spark advance, 45° B.T.C. 

Condition 2: inlet-air temperature, 250° F; coolant temperature, 250° F; 
spark advance, 70° B.T.C. 

Condition 3: inlet-air temperature, 150° F; coolant temperature, 250° F; 

spark advance, 30° B.T.C. _ i 


"P iXfO.a-n +.R£T A 






Imep 

ratio 0 




— 



2,2,3-tri- 

f/a 

= 0 . 

0625 

f/a 

= 0.070 

F/A 

= 0.090 

rj/A 

= 0.110 

methylpentane 

Condition 

Cc 

ndition 

Conditi on 

Condition 

_in 28 -R a 

rr 

1 2 | 3 

1 1 2 

3 

ri 

1 2 J 3 

i 

2J 

3 

| Compression r.'a.tic, 6.0 

0- 

P-.OO 

1.00 

1.00 

1.00 

1 .GO 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

50 

1.37 

1.48 

1.46 

1.37 

1.59 

1.49 

1.50 

1.52 

1.43 

1.46 

1.43 

1.46 

100 

1.96 

2.55 

2.51 

'•2.54 

2.661 

2.52 

2.46 

2.49 

2.35 

2.41 

2.22 

— 

| Compression ratio, 8.0 

0 • 

1.00 

1.0C 

1.0C 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

50 ] 

1.28 

1.43 

1.49 

1.26 

1.33 

1.50 

1.25 

1.53 

1.46 

1.43 

1.49 

1.43 

100 

1.67 

1.97 

2.42 

1.60 

2.04 

2.52 

1.82 

2.54 

2.36 

2.43 

2.37 

2.18 

L - < 

Compression ratio, 10 

.0 




0 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

50 

1.00 

1.16 

1.45 

1.00 

1.11 

1.48 

1.00 

1.20 

1.46 

1.11 

1.43 

1.51 

100 

1.00 

1.39 

2.21 

1.00 

1.30 

2.25 

1.09 

1.59 

2.40 

1. 24 

2.38 

2.48 


a /ill Blends leaded to 4.53 ml TEL/gal. 


B, . Blend 

imep ratio * — . 

lmep 28 p 

60 K ' National Advisory CanHDittee 
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TABLE II - EFFECT OF INLET-AIR TEMPERATURE ON THE KNOCK LIMITS OF BLENDS CONTAINING 


2,2, 3 - IRBIETHllT’ENTANE AND 20 -R FUEL AT THREE COMPRESSION RATIOS 
[F-4 engine operating at modified conditions: inlet-air tenneretures, 150° and 
250° F; coolant temperature, 250° F; spark advance^ 30° 3.T.C.J 


Percentage 
2,2,3-tri- 
methylpentane 
in 28 -R a 

f/a = 

0.0625 

F,'A = 

0.070 

f/a = O.CSO 

f/a = 

0.090 

imep 

ratio* 5 

lmep 

differ- 

ence 0 

imep 

ratio* 5 

lm->p 

differ 

ence” 

imep 1 imep 
ratio j d iff er- 
: ence° 

imep 

ratio* 5 

imep 

differ- 

ence® 




CompressicSn 

ratio, 6.0 



0 

i.19 

5b 

1.18 

34 

1.12 | 26 

1.08 

19 

50 

1.17 

47 

1.10 

31 

1.05 i 16 

1.02 

7 

100 

1.17 

80 

1.11 

53 

1.02 ' 12 

1.02 

12 

| Compression ratio, 8.0 | 


1.27 

• 36 

1.25 | 

::5 

1.13 j 30 

1.12 

23 

50 

1.32 

62 

1.42 

n 

1.23 . 56 

1.07 

20 

too 

1.55 

146 

1.55 1 

155 , 

1.26 ! 106 

1J 3 

55 

I Compression r^tio, 10.0 

0 

1.51 

44 

1.51 j 

45 

1.42 ; 46 

1.2.1 

29 

50 

1.87 

83 

2.01 

99 

1.79 ! IX 

1.47 

79 

100 

2.40 

165 

2.59 1 

164 

2 .36 ! 211 

1 . 33 j 166 


a All "blends leaded to 4.53 ml TEL/gal. 
^imep rat: a - iiuep^cQ/imeposo* 
c lmep difference = isiep^Q - imepp^Q. 
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(a) Concluded. 

Figure 1. - Continued. 
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lsfc, Ib/hp-hr # # Knock-limited lnlet-alr pressure. In. Hg abs. 
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Fuel-air ratio 


(b) Concluded. 

Figure 1. - Continued, 
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igfe, Ib/hp-hr Knock- 11ml ted lnlet-alr pressure. In, Hg abs 
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(e) Concluded. 

Figure 1. - Concluded. 
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Fuel-air ratio 

(b) Concluded, 

Figure 2. - Continued, 
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Blend composition 



,l-trlmethylpentane 
4.53 ml TEL/gal 
(percent) 


2S-R 

(percent) 


Condition 3 

Compression ratio, 6.0 




.05 .06 .07 .08 .09 .10 .11 .12 

Fuel-air ratio 

(c) Inlet-air temperature, 150° F; coolant temperature, 250° F; spark advance, JO 0 B.T.C. 
Figure 2. - Continued. 
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(c) Concluded, 

Figure 2. - Concluded. 
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isfo, lb/hp-hr Knock-limited Inlet-air pressure. In. Hg abs 
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(a) Concluded. 

Figure 3* “ Continued, 




Knock-limited imep, lb/sq In. 
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Fuel-air ratio 


(b) Inlet-air temperature, 250° F; coolant temperature, 2^0° F; spark advance, 10° B.T.C. 
Figure 3. - Continued. 
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(b) Concluded* 

Figure 3* Continued. 
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Figure 3, - Continued* 


isfe, lb/hp-hr Knock-limited Inlet-air pressure, in. Rg abs 
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Compression ratio 

(c) Inlet-air temperature, 150° F; coolant temperature^ ?50° F; spark advance, 30° B.T.C. 
Figure 6. - Concluded* 
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1300 1400 1500 1600 n k l700 1SOO 

Compression temperature, T.r 0 *^ , °R 
(b) Fuel-air ratio, 0.090. 0 

Figure 5 . - Concluded. 
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(a) Fuel-air ratio, 0.0625. 

Figure 6. - A correlation of blend concentration, compress- 
ion temperature, ano knock-limited compression-air density 
A ( r — | )/nv d for blends of 2, 2 , 3- tr i met hy I pen tan e and 28-R 

fuel. Data calculated from figures I, 2, and 3. 


Ib/cu in. 
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(b) Fuel-air ratio, 0.090. 


Figure 6 


Concluded 
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Compression ratio 

Figure - A. comparison of the relative effectiveness of trlptane 
and 2 ,2 ,3-trimethylpentane when blended with 23-R fuel. Inlet- 
air temperature, 225° F; coolant temperature, 375° F; spark 
advance, 45 ° B.T.C.; engine speed, 1S00 rpm; oil temperature, 

165 0 F. 




